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To develop a predictive model based on the perioperative plasma concentration of amino-terminal 
pro-brain natriuretic peptide (NT-pro BNP) in elderly patients to assess the risk of severe postoperative 
complications. Elderly patients (age ≥ 65 years) enrolled in this prospective observational study 
underwent general surgery. Plasma NT-Pro BNP concentration was measured before surgery and 
2 h after surgery. Univariate and multivariate logistic regression analyses were used to identify 
the significant predictors. To evaluate the model performance, we applied the receiver operating 
characteristic (ROC) curve, Hosmer–Lemeshow test, and decision curve analysis (DCA) to evaluate 
the net clinical benefit. Prediction model was visualised by drawing nomogram and establishing 
web calculator. A total of 174 elderly patients were enrolled; 15 patients (8.6%) developed severe 
complications. The area under the ROC curve, sensitivity, and specificity of the two prediction models 
were 0.899 (95% CI 0.845–0.940), 86.67%, 91.82%, 0.956 (95% CI 0.902–0.985), 100%, and 81.42%, 
respectively. The net benefit of the post-model was higher than pre-model. We established two 
postoperative severe complication assessment models based on perioperative NT-Pro BNP levels 
for elderly patients with reliable accuracy. The nomogram and web calculator will be easy to use by 
clinicians and other researchers.

Clinical significance: The biomarker, NT-pro BNP seem to correlate with some postoperative 
complications, however no studies have evaluated its relationship with severe postoperative 
complications in elderly patients. In this study, we evaluated the relationship between NT-pro BNP 
and severe postoperative complications in elderly patients, and established a prediction model and a 
web calculator based on the prediction model. Clinicians can easily use this prediction model to identify 
high-risk patients at an early stage.
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According to the survey results of the Chinese Ministry of Health, the elderly population aged 65 years and above 
accounted for 12.6% of the total population in 2019, and the proportion of the elderly population continues 
to rise compared with 20181,2. Some studies have predicted that the elderly population in China will exceed 
25.8% by 20503,4. With the ageing population, many elderly patients are undergoing surgery and anaesthesia. 
The increased risk of postoperative pulmonary complications, major cardiovascular adverse events, and death in 
elderly patients is 3.9 times, 5.5 times, and 9 times compared to that in patients under 50 years of age2.

Elderly patients are usually complicated with heart, brain, and other systemic diseases, and the risk of 
postoperative complications is much higher than that in adult patients of other ages. In particular, serious 
postoperative complications increase mortality, length of stay, hospitalisation costs, and reduce quality of life. 
Existing risk stratification tools for postoperative adverse events mainly rely on doctors’ skills, experience, 
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and subjective judgment. Therefore, there is an urgent need for an early, rapid, and objective postoperative 
complication risk assessment tool that reflects the effects of surgery and anaesthesia.

Brain natriuretic peptide (BNP) and amino-terminal pro-brain natriuretic peptide (NT-Pro BNP) are 
members of the natriuretic peptide family. They are synthesised and released by cardiac myocytes in response 
to various stimuli, including myocardial extension, ischaemia, and fibrosis, and inflammation caused by volume 
expansion and pressure overload5,6. In recent years, BNP/NT-Pro BNP target-guided therapy and its predictive 
value have attracted considerable attention7–10.

Perioperative monitoring of plasma BNP/NT-Pro BNP concentration can assess the patients’ preoperative 
circulation and cardiac function status7 and predict the occurrence of postoperative cardiopulmonary 
complications. Hara et al.11 showed that a high preoperative NT-Pro BNP level is a risk factor for postoperative 
complications in thoracic surgery. In addition, if the NT-Pro BNP level continues to rise within five days 
after surgery, the risk of early postoperative complications and long-term complications is significantly 
increased. Brandstrup et al.12 found that in colorectal resection patients, the serum NT-pro BNP level was 
correlated with the amount of fluid treatment, and the increase in fluid amount led to an increase in NT-pro 
BNP concentration. Therefore, NT-pro BNP may be a potentially effective biomarker for predicting severe 
postoperative complications, especially in elderly patients, and is expected to provide a new prediction tool for 
severe postoperative complications.

Method
Study design and approval
The ethics committee of West China Hospital of Sichuan University (No. 2020(155)) approved this single-centre, 
prospective observational study, and it was registered on chictr.org.cn (ChiCTR1900026223) before starting this 
trial. This prospective study recruited all elderly patients who planned to undergo general surgery (level 4) from 
June 2020 to October 2020 at the West China Hospital of Sichuan University. All methods were performed in 
accordance with the relevant guidelines and regulations, including the Declaration of Helsinki and institutional 
ethical requirements.

The eligibility criteria were as follows: (1) age ≥ 65 years; (2) ASA classification of I–III; (3) general surgery 
was planned; (4) general anaesthesia was intended; and (5) the level of surgery was four. The exclusion criteria 
were: (1) Patients with mental illness, hearing impairment, and language impairment; (2) age ≤ 65  years; (3) 
scheduled cardiac surgery; (4) organ transplant surgery; and (5) surgery lasting less than 2 h.

Measurement of NT-pro BNP
For 2 h before surgery, the investigator evaluated the patients in the anaesthesia preparation room according 
to the admission criteria. If the patients met the inclusion criteria, they were fully informed of the clinical trial 
process and related risks. After obtaining informed consent from the patient, informed consent was obtained 
from the clinical trial. A trained nurse collected two millilitres of venous blood from the peripheral veins. Blood 
samples were analysed using NT-Pro BNP real-time detection equipment (FS-205 dry fluorescence immunoassay 
analyser, Guangzhou Wanfu Biotechnology CO., LTD., Guangzhou, China).

The end of the surgical skin suture was defined as the end of the surgery. For 2  h after surgery, 2  ml of 
peripheral venous blood was collected by a trained nurse. Real-time detection equipment was used to detect and 
record the concentration of NT-Pro BNP in the sample.

All participants received the same surgical technique and anaesthesia management protocols that our 
hospital previously developed. No additional intervention was performed.

Outcomes and data collection
The outcome was severe postoperative complications, defined as Clavien-Dindo Classification (CDC) ≥ Grade 
III. All postoperative complications were graded according to the CDC system13. Grade I: Any deviation from 
the normal postoperative course without the need for pharmacological treatment or surgical, endoscopic, or 
radiological intervention. Allowed therapeutic regimens include antiemetics, antipyretics, analgesics, diuretic 
electrolytes, and physiotherapy. This grade also included wound infections that occurred at the bedside. Grade 
II: Requires pharmacological treatment with drugs other than those allowed for grade I complications. Blood 
transfusions and total parenteral nutrition were also administered. Grade III: Requires surgical, endoscopic, 
or radiological intervention. Grade IIIa: Intervention not under general anaesthesia. Grade IIIb: Intervention 
under general anaesthesia. Grade IV: Life-threatening complications (including central nervous system 
complications) require intermediate or intensive care unit management. Grade IVa: single-organ dysfunction 
(including dialysis). Grade IVb: Multi-organ dysfunction. Grade V: Death of a patient.

After patients were enrolled, we collected their demographic information, preoperative vital signs and 
comorbidities, American Society of Anaesthesiologists (ASA) classification, operation type and time, anaesthesia 
time, intraoperative fluid infusion type, and volume. Details of the variables included in this study are listed in 
Supplementary Table S1. All patients were followed-up for 30 days after surgery. Postoperative complications such 
as cardiovascular events, postoperative cognitive impairment, acute kidney injury, pulmonary complications, 
anaemia, and death were recorded (Supplementary Table S2).

Statistical analysis
The Kolmogorov–Smirnov test evaluated whether the data followed a normal distribution. For normal data, 
a t-test was used to determine differences; non-normal data were analysed using the Mann–Whitney U test. 
The Pearson test was performed to calculate the correlation for normal data, whereas the Spearman test was 
performed for non-normal data.
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Univariate logistic regression was used to screen potential variables with a P value ≤ 0.1. Variables with a P 
value < 0.05 and clinically significant variables without statistical significance were included in the multivariate 
logistic regression model, which was used to develop the prediction model. The variance inflation factor 
(VIF) was calculated to identify multicollinearity. Strongly correlated variables were excluded based on the 
correlation coefficient between different variables, VIF values, and specialised knowledge. The receiver operating 
characteristic (ROC) curves and the area under the curve (AUC) of the ROC values were used to evaluate the 
discriminative ability of the model. The Hosmer–Lemeshow test was used to evaluate the calibration degree 
of the model. Decision curve analysis (DCA) evaluated the clinical net benefit obtained using the predictive 
model14,15. A nomogram was drawn, and a web calculator was established to visualise the predictive model16.

Statistical analysis was performed using R software (version 4.0.5), IBM SPSS statistics (version 24.0), and 
MedCalc Statistical Software Version 19.0.7 (MedCalc Software BVBA, Ostend, Belgium).

Sample size
In this study, MedCalc was used to estimate the sample size, and the AUC was assumed to be 0.7 with α and 
power (1 − β) equal to 0.05 and 0.9, respectively. The incidence of serious complications was hypothesised to be 
9%. The final sample size required 182 cases, with an expected loss rate of 10%.

Results
A total of 256 patients were recruited, of which 59 did not meet the inclusion criteria, 14 were excluded, and nine 
dropped out (five cases with an operation duration of less than 2 h, two cases lost to follow-up, and two cases 
dropped out halfway). In total, 174 patients were included in the final analysis (Fig. 1). Demographic information 
and preoperative comorbidities are shown in Table 1; 56 (32.2%) women and 118 (67.8%) men were included, 
and the median age of the patients was 70 (range 67–75). A total of fifteen patients (8.6%) had postoperative 
complications of CDC grade ≥ 3, three patients (1.7%) died, eight patients (4.6%) developed acute kidney injury 
(AKI), and 22 patients (12.6%) developed pulmonary complications. The median of NT-Pro BNP was 198.8 pg/
ml before surgery, and the median of NT-Pro BNP was 187.45 pg/ml at 2 h after surgery (Supplementary Table 
S1).

Fig. 1.  The diagram of flow chart.
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Correlation analysis
The Spearman correlation test was used to calculate NT-Pro BNP levels before surgery and NT-Pro BNP levels 
2  h after surgery with preoperative, intraoperative, and postoperative variables. Preoperative NT-Pro BNP 
level and age (r = 0.24, P = 0.001), preoperative coronary heart disease (r = 0.15, P = 0.047), intraoperative blood 
transfusion (r = 0.32, P < 0.001), serious postoperative complications (r = 0.38, P < 0.001), postoperative hospital 
stay (r = 0.17, P = 0.025), ICU stay (r = 0.32, P < 0.001), postoperative pulmonary complications (r = 0.27, P < 0.001), 
and postoperative major cardiovascular events (r = 0.27, P = 0.034) were significantly correlated. NT-Pro BNP 
levels at 2 h after surgery were significantly correlated with age (r = 0.22, P = 0.015), sex (r = − 0.20, P = 0.032), 
preoperative coronary heart disease (r = 0.24, P = 0.009), intraoperative blood transfusion (r = 0.29, P = 0.001), 
serious postoperative complications (r = 0.31, P < 0.001), ICU stay (r = 0.25, P = 0.006), and postoperative 
pulmonary complications (r = 0.27, P = 0.003) (Supplementary Table S2). There was no significant correlation 
between NT-Pro BNP level before surgery or 2 h after surgery and height, weight, ASA grade, anaesthesia time, 
operation time, and intraoperative fluid volume.

Characteristics Value, mean ± SD/median (quartile)/n (%)

Age (years) 70 (67, 75)

Sex

 Female 56 (32.2%)

 Male 118 (67.8%)

Height (cm) 162.0 (155.0, 167.0)

Weight (kg) 60.8 ± 9.9

Preoperative comorbidities

 Hypertension 96 (55.2%)

 Coronary artery disease 6 (3.4%)

 Arrhythmias 13 (7.5%)

 Heart Failure 1 (0.6%)

 Diabetes mellitus 31 (17.8%)

 Current or recent smoker 33 (19.0%)

 COPD 14 (8.0%)

 Cerebrovascular disease 11 (5.6%)

 Renal dysfunction 1 (0.6%)

ASA—PS classification

 Class 2 87 (50.0%)

 Class 3 87 (50.0%)

Heart function grade

 Grade I 105 (60.3%)

 Grade II 56 (32.2%)

 Grade III 12 (6.9%)

 Grade IV 1 (0.6%)

Motion equivalent

  > 6 MET 33 (19.0%)

 3–6 MET 108 (62.0%)

  < 3 MET 33 (19.0%)

Surgery

 Open surgery 56 (32.8%)

 Endoscopy surgery 117 (67.2%)

 Anesthesia time (min) 245.2 ± 95.0

 Operation time (min) 180.5 ± 84.8

Procedure type

 Hepatobiliary 31 (17.8%)

 Gastrointestinal 81 (46.6%)

 Pancreatic 20 (11.5%)

 Urological 38 (21.8%)

 Orthopedic 4 (2.3%)

Table 1.  Participant baseline characteristics and type of surgery. COPD, Chronic obstructive pulmonary 
disease; ASA-PS, American Society of Anesthesiologists Physical Status; MET, Metabolic equivalent.
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Difference analysis
Mann–Whitney U test showed that the preoperative median NT-Pro BNP level was 500.6 pg/ml in the severe 
complications group and 186.5 pg/ml in the non-occurrence group, U = 257.0, P < 0.001. The median NT-Pro 
BNP level at 2 h after surgery was 429.3 pg/ml in the group with serious complications and 182.8 pg/ml in 
the group without serious complications, U = 90.0, P = 0.001. The preoperative and postoperative NT-Pro BNP 
levels in the group with serious complications were significantly higher than those in the group without serious 
complications.

Development of predictive model
Univariate logistic regression analysis was used to screen variables, and variables with P ≤ 0.1, considered 
potential predictors, were incorporated into multivariate logistic regression. The backward step method was 
used in the multivariate logistic regression, and variables with P value < 0.05 were regarded as statistically 
significant. Variables with no statistical significance but significant clinical significance were also included in the 
final prediction model.

Univariate logistic regression (Table  2) showed variables with P ≤ 0.1 including preoperative NT-Pro 
BNP, postoperative NT-Pro BNP, age, ASA classification, body weight, anaesthesia time, operation time, 
intraoperative fluid volume, intraoperative blood transfusion volume, and intraoperative crystal volume. Using 
multivariate logistic regression (Table  2), we developed two predictive models based on preoperative and 
postoperative NT-Pro BNP levels. Variables in the model based on preoperative NT-Pro BNP levels (pre-model) 
included age, weight, anaesthesia time, and preoperative NT-Pro BNP concentration. ASA classification was 
considered a variable with no statistical significance but clinical significance and was incorporated into the pre-
model. Variables in the model based on postoperative NT-Pro BNP levels (post-model) included weight and 
postoperative NT-Pro BNP concentration. The ASA classification was also considered a clinically significant 
variable and was incorporated into the post-model.

The ROC curve of the pre-model identified an AUC of 0.899, Yoden index of 0.78, sensitivity of 0.87, and a 
specificity of 0.92. The Hosmer–Lemeshow test showed that the chi-square value was 8.3, P = 0.403, demonstrating 
that the prediction model had a good calibration degree. The negative and positive predictions accuracies were 

Variables

Univariate logistic regression Pre-model Post-model

OR (95%CI) P value OR (95%CI) P value OR(95%CI) P value

Pre-NT-pro BNP (pg/ml) 1.003 (1.001–1.004) 0.001* 1.003 (1.002–1.005) 0.001

Post-NT-Pro BNP (pg/ml) 1.006 (1.002–1.009) 0.001* 1.008 (1.003–1.013) 0.003

Age (y) 1.12 (1.03–1.23) 0.011* 1.128 (1.003–1.269 0.045

Gender

 Female Reference –

 Male 1.059 (0.344–3.258) 0.921

Hypertension 1.698 (0.555–5.192) 0.353

Diabetes 2.558 (0.808–8.101) 0.110

ASA-PS class II Reference – Reference –

ASA-PS class III 7.466 (1.631–34.170) 0.010* 6.114 (0.930–40.183) 0.059 60.695 (0.443–320.502) 0.102

Height (cm) 1.015 (0.956–1.079) 0.623

Weight (kg) 1.068 (1.009–1.130) 0.024* 1.096 (1.021–1.177) 0.011 1.217 (1.056–1.402) 0.007

Heart function grade 1.771 (0.866–3.622) 0.117

Motion equivalent 0.585 (0.247–1.389) 0.225

Anesthesia time (min) 1.006 (1.001–1.011) 0.022* 1.007 (1.001–1.013) 0.040

Operation time (min) 1.006 (1.000–1.012) 0.040*

Intraoperative fluid volume (ml) 1.000 (1.000–1.001) 0.084*

Blood transfusion volume (ml) 1.003 (1.001–1.005) 0.009*

Intraoperative crystal volume (ml) 1.001 (1.000–1.001) 0.081*

Intraoperative colloid volume (ml) 1.001 (0.999–1.002) 0.279

Surgery type

 Hepatobiliary Reference –

 Pancreatic 4.000 (0.652–24.554) 0.134

 Gastrointestinal 1.680 (0.342–8.259) 0.523

 Urological – 0.998

 Orthopedic – 0.999

Table 2.  Univariate and multivariate logistic regression analysis of predictors for postoperative severe 
complication. OR, odds ratio; CI, Confidence interval; Pre-NT-pro BNP, Preoperative NT-pro BNP 
concentration; Post-NT-pro BNP, Postoperative NT-pro BNP concentration; Pre-model, The model based 
on preoperative NT-Pro BNP; Post-model, The model based on postoperative NT-Pro BNP. *P < 0.1 and the 
variable was considered statistical significance in univariate logistic regression analysis.

 

Scientific Reports |        (2025) 15:26184 5| https://doi.org/10.1038/s41598-025-11760-x

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


0.98 and 0.33, and the overall accuracy was 0.93 (Table 3). The VIF of all variables included in the pre-model 
was less than 5, indicating that the variables were independent of each other and had no collinearity. For the 
post-model, the AUC was 0.956, and the Yoden index was 0.814. The sensitivity and specificity were 1 and 0.81, 
respectively. The Hosmer–Lemeshow test showed that the Chi-square value was 8 (P = 0.996), demonstrating 
that the prediction model had a good calibration degree. The accuracy of negative and positive predictions were 
0.99 and 0.57, and the overall accuracy was 0.97 (Table 3). The VIF showed that the variables were independent 
of each other and had no collinearity. DCA demonstrated that the pre-model achieved a higher clinical net 
benefit under a decision threshold probability lower than 0.3 compared to the post-model. In contrast, the post-
model had a higher clinical net benefit when the decision threshold probability was greater than 0.3 (Fig. 2).

Finally, we visualised the two predictive models by drawing nomograms and establishing a web calculator 
(pre-model: https://zhuyihao.shinyapps.io/DynNomappPRE/; post-model: ​h​t​t​p​s​:​/​/​z​h​u​y​i​h​a​o​.​s​h​i​n​y​a​p​p​s​.​i​o​/​d​y​n​n​
o​m​a​p​p​/​​​​​)​, to estimate individual probabilities of severe postoperative complications during hospitalisation for 
older patients undergoing general surgery (pre-model: Fig. 3; post-model: Fig. 4).

Fig. 2.  The result of DCA between Pre-model and Post-model. The sloping thin grey line is the net benefit 
of treating all men whether or not undergoing postoperative severe complication; the green line is the net 
benefit of treating men on the predicting of the Pre-model; the red line is the net benefit of treating men on 
the predicting of Post-model; the horizontal thick black line is the net benefit of treating no man. The DCA 
demonstrated that the Pre-model achieved higher clinical net benefit under the decision threshold probability 
lower than 0.3 compared to Post-model. In contrast, Post-model had a higher clinical net benefit when the 
decision threshold probability was greater than 0.3. DCA: decision curve analysis; NT-Pro BNP: N-terminal 
pro-B-type natriuretic peptide; Pre-model: the model based on preoperative NT-Pro BNP; Post-model: the 
model based on postoperative NT-Pro BNP.

 

Characteristics Pre-model Post-model

Area under the curve 0.899 (95% CI 0.845–0.940) 0.956 (95% CI 0.902–0.985)

Sensitivity 0.87 1.00

Specificity 0.92 0.81

Youden index 0.785 0.814

Cut off value 348.3 (316.5–446.5) 339.5 (95% CI 234.1–429.0)

Positive predictive value 0.33 0.57

Negative predictive value 0.98 0.99

Total accuracy 0.93 0.97

Hosmer–Lemeshow test

 χ2 8.321 1.298

 DF 8 8

 P value 0.403 0.996

Table 3.  The performs of prediction accuracy of Pre-model and Post-model. χ2, Chi-square; Pre-model, The 
model based on preoperative NT-Pro BNP; Post-model, The model based on postoperative NT-Pro BNP; CI, 
Confidence interval; Hosmer–Lemeshow test: it was used to evaluate the calibration degree of the model, when 
P > 0.05 means calibration degree of the model is good.
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Discussion
We developed two prediction models based on perioperative NT-Pro BNP levels. We found that ASA 
classification, age, weight, and anaesthesia time were significant predictors of severe postoperative complications 
in elderly patients. The AUC value showed a good discriminative ability of the two models, and the post-model 
was better than the pre-model. DCA identified that the post-model had more net benefits compared to the 
pre-model. All results revealed that perioperative NT-Pro BNP concentration is an important biomarker for 
predicting serious postoperative complications.

The present study showed that the cut-off values of preoperative NT-Pro BNP and postoperative NT-Pro 
BNP were 348.3 pg/ml and 339.5 pg/ml, respectively. Feringa and colleagues17 suggested that preoperative NT-
Pro BNP level was an important predictor of mortality 6 months after non-cardiac aortic surgery. Its cut-off 
value was 319 pg/ml, which is consistent with our study. The AUC of the pre-model was 0.892 in our study, while 
the AUC in the study by Feringa and colleagues17 was 0.73, which may be due to serious complications being a 
composite outcome, and the participants in the present study were all elderly. The addition of other predictors 
incorporated into our models, such as age and ASA classification, may increase the predictive ability of our 
model. Wijeysundera et al.18 stratified the risk of postoperative prognosis by preoperative NT-Pro BNP levels. 
The results showed that the predictive value of preoperative NT-Pro BNP was the same as the value of activity 
tolerance. In the present study, the predictive ability of preoperative NT-Pro BNP level was consistent with the 
results of Wijeysundera et al.18. In addition, our research revealed that the predictive ability of postoperative NT-
Pro BNP levels was higher than that of preoperative NT-Pro BNP levels.

In this study, the perioperative NT-Pro BNP level in the group with serious complications was considerably 
higher than that without serious complications. Eggers et al.19 proved by continuous measurement of NT-Pro 
BNP levels that the elderly with increased NT-Pro BNP levels have a higher risk of all-cause mortality, and 
high NT-Pro BNP levels may dynamically reflect risk. Our research also proved that the post-model (based on 
postoperative NT-Pro BNP) had better predictive ability than the pre-model (based on preoperative NT-Pro 
BNP). Thus, the continuous monitoring of NT-Pro BNP levels may be of great significance. For patients with 
high preoperative risk who cannot postpone surgery, the measurement of postoperative NT-Pro BNP may be 
helpful to achieve accurate early warning and guide clinical decisions.

In univariate logistic regression, the amount of fluid infusion, blood transfusion, anaesthesia time, and 
operation time were risk factors for postoperative complications, and anaesthesia time was an independent risk 
factor for postoperative complications. However, in the post-model, these were no independent risk factors. 
Brandstrup et al.12 proposed that NT-Pro BNP levels were positively correlated with intraoperative fluid volume, 

Fig. 3.  Nomogram (A) and ROC (B) of Pre-model and the web calculator (C). A: Through drawing a vertical 
line from corresponding variable to the top line (Points), the score of every variable and total score can be got. 
The predicted probability can be obtain by drawing a vertical line form the total points line to the bottom risk 
line. C In the web calculator developed by us, directly input the value of the corresponding variable on the left 
side, the result of prediction probability and 95% confidence interval will be output on the right side. ROC: 
receiver operating characteristic curve; ASA-PS: American Society of Anesthesiologists Physical Status; NT-Pro 
BNP: N-terminal pro-B-type natriuretic peptide; Pre-model: the model based on preoperative NT-Pro BNP.
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and intraoperative infusion volume was related to postoperative cardiopulmonary complications. Therefore, 
postoperative NT-Pro BNP concentration may respond to risks such as surgery, anaesthesia, and infusion 
volume. It can more accurately reflect the risk of postoperative complications.

Nomograms and web calculators are popular methods for visualising predictive models. They are simple 
and easy to apply in practice. The score of every variable was obtained by drawing a vertical line from the 
corresponding variable to the top line. The total score is the sum of the scores for each variable. We can then 
obtain the predicted probability by drawing a vertical line from the total score to the bottom risk line. For a web 
calculator, the user only needs to enter the value of the corresponding variable, and the predicted probability 
and risk are directly calculated and displayed. In addition, this study was the first to evaluate the ability of 
perioperative NT-Pro BNP to predict severe postoperative complications in elderly patients, and the results 
indicated that it might be a great biomarker of potential value.

This study has some limitations. First, the sample size included in this study was only 174, and external data 
was not used for external validation; therefore, the internal accuracy of the model may be high, while the external 
authenticity may be reduced. Second, we only used univariate logistic regression to screen variables. Sensitivity 
analysis was not conducted in this study; therefore, the results may not be sufficiently robust. A sensitivity 
analysis will be included in subsequent studies. Thirdly, only one biomarker, NT-Pro BNP, was investigated 
in this study, and other related serum markers, such as C-reactive protein, troponin T and myohaemoglobin, 
were not analysed. Troponin T is also a well-established indicator of myocardial injury and has demonstrated 
significant prognostic value in perioperative settings20. Its inclusion might have provided additional insight into 
the cardiovascular risk of surgical patients. Future studies incorporating both NT-Pro BNP and Troponin T may 
offer a more comprehensive evaluation of cardiac risk and improve the predictive accuracy of postoperative 
complications. Another limitation of this study is the fixed timing of blood sampling. While the 2-h preoperative 
sampling reflects a practical and clinically stable period, earlier sampling points, such as 12 or 24 h prior to 
surgery, may provide a purer baseline, unaffected by fasting, premedication, or procedural stress. Future studies 

Fig. 4.  Nomogram (A) and ROC (B) of Pre-model and the web calculator (C). A: Through drawing a vertical 
line from corresponding variable to the top line (Points line), the score of every variable and total score can be 
got. The predicted probability can be obtain by drawing a vertical line form the total points line to the bottom 
risk line. C: In the web calculator developed by us, directly input the value of the corresponding variable on the 
left side, the result of prediction probability and 95% confidence interval will be output on the right side. ROC: 
receiver operating characteristic curve; ASA-PS: American Society of Anesthesiologists Physical Status; NT-Pro 
BNP: N-terminal pro-B-type natriuretic peptide; Post-model: the model based on postoperative NT-Pro BNP.
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could explore more flexible or earlier sampling strategies, which may benefit to potentially improving the 
predictive accuracy of NT-Pro BNP.

Conclusions
Two postoperative severe complication assessment models based on perioperative NT-Pro BNP for elderly 
patients with reliable accuracy were established to achieve preoperative risk stratification and timely warning, 
provide guidance for early postoperative intervention to reduce the incidence of severe postoperative 
complications, and improve perioperative medical quality. The nomogram and web calculator based on the 
model developed by us are easy to use by clinicians and other researchers.

Data availability
The datasets generated and analysed during the current study are available from the corresponding author on 
reasonable request.
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